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English Translation of Specification of JP-A-05214120 

[Title of the Invention] 
Biaxially Oriented Polypropylene Film 
[Abstract] 

[Object] To provide a biaxially oriented polypropylene 
film excellent in transparency and scratch resistance. 
[Constitution] Biaxially oriented polypropylene film 
containing 0 . 01 to 0 . 3 % by weight of inert organic polymer 
crosslinked particle, wherein the average particle 
diameter of the inert organic polymer cross -linked 
particle is 0.5 to 7 Mm. 
[Scope of Claims for Patent] 
[Claim 1] A biaxially oriented polypropylene film 
containing 0 . 01 to 0 . 3% by weight of inert organic polymer 
cross-linked particles, wherein the average particle 
diameter of the inert organic polymer cross-linked 
particles is 0.5 to 7 Mm. 

[Claim 2] A biaxially oriented polypropylene film 
according to Claim 1. wherein the fore-mentioned inert 
organic polymer cross-linked particle is a styrene-divinyl 
benzene copolymer. 
[Claim 3] 

A biaxially oriented polypropylene film according to 
Claim 1, wherein the fore-mentioned inert organic polymer 
cross-linked particle is a cross-linked polymethyl 
methacrylate . 

[Detailed Description of The Invention] 
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[0001] [Field for Industrial Application] 

The present invention relates to a polypropylene film, 
and more specifically relates to a polypropylene film 
suitable as a film for packaging and for industry, and 
the like. 

[0002] 

[Prior Art] 

A biaxially oriented polypropylene film is excellent 
in transparency, mechanical property, moisture proofing 
property and the like, and widely used for packaging use 
and the like. However, the lubricity of a film surface 
is required in order to improve the processing properties 
of coating, printing, vaporizing or bagging and the like. 
A method of bestowing the lubricity on a film surface by 
letting inert inorganic particles, for example, such as 
zeolite ( JP-B61-16617) , calcium carbonate , natural silica , 
synthetic silica and the like be contained in a film has 
been known as the procedures. 
[0003] 

[Problems to be Solved by The Invention] 

However, the above-mentioned polypropylene film by a 
conventional technology has problems that scratch is apt 
to occur on the film surface by the friction of the film 
with a folding zig or the friction of the films each otherin 
the processing steps of coating, printing, vaporizing or 
bagging and the like, particularly in a folding step at 
bagging, and the particles added are apt to drop away. 
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etc. Accordingly, it has a defect that the transparency 
of a film is easily damaged. [ 0004 ] The purpose of the 
present invention is to solve these problems and to provide 
a biaxially oriented polypropylene film excellent in 
scratch resistance and transparency. 
[0005] 

[Means for Solving Problems] 
in order to attain the purpose, the biaxially oriented 
polypropylene film of the present invention is a biaxially 
oriented polypropylene film containing 0.01 to 0.3% by 
weight of an inert organic polymer cross-linked particles . 
wherein the average particle diameter of the inert organic 
polymer cross-linked particles is 0.5 to 7 Aim. 
[0006] 

15 The polypropylene (hereinafter, occasionally referred 

to as PP by abbreviation) is a crystalline polypropylene, 
and includes a homopolymer of propylene, or a copolymer 
of 5% by weight or less of a -olefin such as ethylene, 
1-butene or the like. Further, the intrinsic viscosity 
[ 7? ] of the PP of 1.4 to 2.3dl/g, a melt flow index (MFI) 
of 1.0 to 10g/10min., and an isotactic index (II) of 95% 
or more, and more preferably 9 6.0 to 99.9% are preferable 
from the viewpoint of improving the scratch resistance 
of film surface. Further. 0.5 to 10.0% by weight and more 
25 preferably 1.0 to 7.0% by weight of an ethylene- a -olefin 

copolymer may be well to be added to the PP , and the copolymer 
ratio of ethylene is preferably 70 to 90% by weight . Examples 
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of the a -olefin include monomers such as propylene. 
1-butene, hexene and the like. 
[0007] 

The inert organic polymer cross-linked particle used 
in the present invention is particles which are nearly 
a real sphere, and the ratio (degree of real sphere) of 
a long diameter to a short diameter is preferably a range 
of 1.0 to 2.0. Further, when the particles exist in a film, 
the degree of real sphere of the particles is a range of 
1.0 to 2.0. These spherical particles are prepared at the 
polymerization step of the particles, and particles which 
were obtained by pulverizing, granulating and dispersing 
a cross-linked polymer are not preferable because the 
effect of the present invention is hardly obtained. 
15 Examples of the inert organic polymer cross-linked 

particle include a styrene-divinyl benzene copolymer 
particle, a cross -linked polymethyl methacrylate particle 
and the like. 
[0008] 

When 0.3% by weight of the inert organic polymer 
cross-linked particle used in the present invention is 
contained in a homo PP (which does not contain particles 
such as inorganic, organic and the like, and a crystal 
nucleus agent) being a propylene homopolymer , particles 
in which a time till the peak of DSC isothermal 
crystallization curve at a temperature of 125T; of the 
polymer is not less than a time till the peak of DSC 
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isothermal crystallization curve at a temperature of 125*0 
of the homo PP used (which does not proceed the 
crystallization speed of the homo PP) are preferable 
because the scratch resistance of a film is improved. 
[0009] 

The average particle diameter of the inert organic polymer 
cross-linked particles used in the present invention is 
required to be 0.5 to 7 Mm, and preferably 1.0 to 6 Urn. 
When the average particle diameter is larger than the 
above-mentioned range, it is not preferable because the 
scratch resistance becomes poor . Further . when the average 
particle diameter is smaller than the above-mentioned 
range, it is not preferable because the particle is apt 
to be coagulated and the scratch resistance becomes poor. 
15 [0010] 

In the film of the present invention, it is required that 
0.01 to 0.3% by weight, and preferably 0.02 to 0.2% by 
weight of the inert organic polymer cross-linked particle 
is contained. When the content is larger than the 
above-mentioned range, it is not preferable because the 
scratch resistance becomes poor. Further, when the content 
is smaller than the above-mentioned range, it is not 
preferable because the scratch resistance becomes poor. 
Further, when the content of the inert organic polymer 
cross-linked particles in the film is within the 
above-mentioned range, it is more preferable because the 
scratch resistance of the film becomes better by using 
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2 or more of particles having the average particle diameter 
within the range of the present invention. 
[0011] 

The heat-resistance temperature of the inert organic 
polymer cross -linked particle used in the present 
invention is preferably 380t: or more from the viewpoint 
of evading a trouble at extrusion-molding of a film. 
[0012] 

The polymerization of the inert organic polymer 
cross -linked particle used in the present invention is 
obtained by a general emulsion polymerization . For example , 
emulsion polymerization of styrene and divinyl benzene 
with a polymerization initiator is carried out, the degree 
of cross - linking of the particles can be changed by changing 
15 the composition of styrene and divinyl benzene, and 

particles having different particle hardnes s are obtained . 
In the present invention, the cross -linking agent is 
desirably a copolymer particle in which it is added by 
2% by weight or more to be polymerized. On the other hand, 
20 as the cross -linking agent of the cross-linked polymethyl 

methacrylate, divinyl benzene, ethyleneglycol 
dimethacrylate, trimethylolpropane triacrylate and the 
like are used, and ethyleneglycol dimethacrylate is 
preferably used. 
25 [0013] 

The biaxially oriented polypropylene film of the present 
invention is a film obtained by melt -extruding a PP chip 
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containing the inert organic polymer cross -linked particle 
in a sheet shape, stretching to biaxial directions, and 
bestowing molecular orientation. As the constitution, a 
mono -layer film or a complex film which laminated PP 
5 containing the inert organic polymer cross - linkedparticle 

in at least one side of the polypropylene film, and the 
like can be exemplified. In case of the complex film, the 
thickness of laminated layer is preferably 0.5 to 3 Mm. 
[0014] 

10 The average surface roughness of the film of the present 

invention is not specifically limited, and when it is within 
the range of 0.02 to 0.08 Mm, it is preferable because the 
scratch resistance becomes further better .[ 0015 ]The 
coefficient of static friction of the film of the present 

15 invention is not specifically limited, and when it is within 

a range of 0 . 3 to 0 . 7 , it is preferable because the scratch 
resistance becomes further better. 
[0016] 

The II of the biaxially oriented polypropylene film of 
20 the present invention is preferably a range of 85 to 99%. 

and more preferably 90 to 98%. Further, the degree of 
orientation of a film (AN) indicated by the formula (1) 
below is preferably a range of 0.008 to 0.014 from the 
viewpoint of the scratch resistance, and more preferably 
25 0.009 to 0.012.N = (N MD + N TD )/2 - NZD (1) 

N MD = refractive index to a longitudinal direction 

N TD = refractive index to a width direction 
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N ZD = refractive index to a thickness direction 
[0017 ] 

Since a polypropylene is hydrophobic which is different 
from other polymers (for example. polyethylene 
terephthalate) and crystallization speed is rapid, the 
particles preferably used in the present invention are 
cross-linked particles prepared from a polymer hardly 
crystallized, and preferably particles having a 
hydrophilic particle surface (polar groups such as a 
hydroxyl group, a carboxyl group and the like are hardly 
contained) . Further, since the stretch size magnification 
of a polypropylene is large, cross -linked particles which 
have elasticity enough to deform (for example, deforming 
in an elliptical shape) the particles at stretch step and 
has a comparatively large particle diameter are preferably 
used in a production process of making a biaxially oriented 
film. 
[0018] 

Then, the production process of the film of the present 
invention is illustrated. Firstly, as a method of letting 
a fixed PP contain the inert organic polymer cross -linked 
particle, a method of mixing the powder of the cross -linked 
particle in a PP and melt -mixing the mixture using a 
twin-screw extruder and the like . or a method of melt -mixing 
using a vent -type twin-screw extruder, for example, a 
method of firstly feeding a PP to an extruder, then feeding 
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a fixed amount of a dispersion solution (as a solvent, 
for example, water, an organic solvent such as ethylene 
glycol or the like, and the like) of a powder of the 
cross-linked particle from another injection vent, and 
5 melt -mixing the mixture while removing the solvent under 

vacuum, can be used. In order to produce the film of the 
present invention, a method of using a vent-type twin-screw 
extruder is preferable . 
[0019] 

10 Further, as a method of adjusting the content of the 

particle, it is preferable for enlarging the effect of 
the present invention that a method of diluting a high 
concentration muster pellet in which the concentration 
of particle is about 0.2 to 1.0% by weight, at preparing 

15 a film, is used. 

[0020] 

Then, the PP chip is fed to an extruder, passed through 
a filtration filter, then melt -extruded at a temperature 
of 260 to 320*0 from a slit mouthpiece, and solidified by 

20 cooling to obtain a not -stretched film. Further, when a 

complex film is made, the PP chip containing the particle 
of the present invention and an another PP chip are fed 
to separate extruders, melted by heating, then united in 
a short tube or a mouthpiece so as to be the PP of the 

25 present invention/the another PP, or the PP of the present 

invention/the another PP/the PP of the present invention, 
extruded from the slit mouthpiece, and solidified by 
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cooling to obtain a not-stretched film. 
[0021] 

Then, the not- stretched film is biaxially stretched, and 
biaxially oriented. As the extension method, a successive 
twin-axis extension method, or a spontaneous twin-screw 
extension method can be used. As successive extension 
method, the not-stretched film is firstly heated at a 
temperature of 90 to 140*0, extended to a longitudinal 
direction by 4 to 7-fold, then cooled, successively 
conducted to a tenter-type stretcher, heated at a 
temperature of 100 to 160*0 , stretched to a width direction 
by 8 to 12-fold, then heat-treated at a temperature of 
100 to 160*0 to be released and cooled. 

[0022] 

[Action] 

In the film of the present invention, it is deduced to 
obtain the effect that the characteristics of the organic 
polymer cross-linked particle are revealed to utmost by 
containing a fixed amount of the organic polymer 
cross-linked particle having a fixed particle diameter, 
the scratch resistance of the film surface is improved, 
and the particle contained drops hardly away. 

[0023] 

[Example] 

The characteristic values of the present invention are 
measured according to the following measurement methods. 
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(1) Average particle diameter of particles 
Particles are exposed by removing a PP from a film by a 
low temperature plasma calcination treatment method (for 
example, PR-503 type manufactured by Yamato Chemical Co. , 

5 Ltd.)- As the treatment condition, a condition in which 

the PP is calcinated but the organic polymer cross -linked 
particle is not damaged is selected. The exposed particles 
are observed by a SEM (scanning electron microscope) , the 
image (the shades of light formed by the particles) of 
10 the particles is linked with an image analyzer ( for example , 

QTM-900 manufactured by Cambridge Instrument Co. , Ltd. ) , 
numerical treatments are carried out by the particle 
numbers of 5000 or more while changing observation spots, 
and a number average diameter D determined thereby is 

15 referred to as an average particle diameter. 

D = 2d±/n 

wherein Di is a diameter equivalent to a circle of the 
particles, and N is numbers. 
[0025] 

20 (3)Content of particles 

Particles are separated by a solvent which dissolves a 
PP and does not dissolve the organic polymer cross -linked 
particle, and a ratio (% by weight) to the total weight 
of a film is referred to as a content of particles. In 

25 case of a complex film, a ratio of a laminated thickness 

of a film is preliminarily measured by SEM observation, 
and is converted to the particle concentration of the 
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laminated portion. 
[0033] 

Then, the present invention is illustrated according to 
Examples . 

5 Examples 1 to 5, Comparative Examples 1 to 5 

PP chips obtained by preliminarily melt -mixing a homo PP 
having an intrinsic viscosity of 2.25dl/g (II = 97%, MFI 
= 1.5g/10min.) with the particles changing the kind, 
average particle diameter, and the content as shown in 
10 Table 1, were prepared. Each of the chips was fed to an 

extruder, melt-extruded at a temperature of 280^, molded 
into sheet shape using a slit mouthpiece , then it was wound 
up on a casting drum having a surface temperature of 40*C , 
and cooled and solidified while blowing pressured air from 

15 a slit air nozzle to obtain a not-stretched film. 

[0034] 

The not-stretched film was heated to a temperature of 130°C 
through a heating roll, stretched to a longitudinal 
direction by 5-fold, and cooled. Successively, the 

20 stretched film was heated to a temperature of 160X: using 

a tenter, stretched to a width direction by 9-fold, 
successively, thermally fixed while releasing 8% to a width 
direction at a temperature of 160^, and cooled to obtain 
a biaxially oriented polypropylene film having a film 

25 thickness of 20 tt m. The characteristics of the film 

obtained were as in Table 1 . 
[0035] 
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Example 6 

The chip in Example 3 and the chip in Comparative Example 
1 were fed to separate extruders , melted by heating , united 
in a short tube part , and then molded in a sheet shape 
5 at a slit vent to obtain a layer containing the particle/a 

layer not adding the particle/ a layer containing the 
particle. The sheet was biaxially stretched and treated 
by heating in like manner as in Example 1 to obtain a 
biaxially oriented polypropylene complex film having a 
10 film thickness of 20 Mm, The characteristics of the film 

were as in Table 1 . 
[0036] 
Example 7 

A PP chip obtained by compounding a PP having an II of 
15 99.5% (MFI = 5g/10min.) with 3.0% by weight of an 

ethylene -propylene copolymer ( copolymerization amount of 
propylene = 20% by weight) and 0.03% by weight of a 
cross-linked polystyrene having an average particle 
diameter of 2 Mm was prepared, and a not -stretched complex 
20 film was obtained in like manner as in Example 1. The sheet 

was heated to a temperature of 130^ through a heating roll , 
stretched to a longitudinal direction by 5-fold, and cooled. 
Successively, a biaxially oriented polypropylene complex 
film having a film thickness of 20 Mm was obtained in like 
25 manner as in Example 6 . The laminated thickness of a layer 

containing the particle was made as 1.5 M m. The 
characteristics of the film were as in Table 1. 
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[0037] 

As shown in Table 1, it was found that the film within 
the scope of the present invention betters both the 
lubricity and scratch resistance of film surface without 
5 deteriorating the transparency of the film (Examples 1 

to 5). Further, in case of being laminated on both sides 
of aPP, the effect is great (Example 6), In particular. 
Example 7 could adequately reveal the compounding effect 
of the particle and obtain a film excellent in scratch 
10 resistance. 
[0038] 

However, Comparative Example 1 is a film in which the 
particles are not added, it is not preferable because 
the slip property of the film becomes poor and a trouble 
15 during processing become easy to occur. Further, 

Comparative Examples 2-5 in which any of the kind, particle 
diameter and content of the particle contained is beyond 
the range of the present invention, are not preferable 
because of not satisfying a scratch resistance of the film. 
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[0039] 

[Effect of the Invention] 

According to the present invention, matters which can 
overcome severe processing and use conditions in various 
use fields were obtained by making biaxially oriented films 
good in abrasion resistance (particularly scratch 
resistance) in film processing step by specifying the 
ranges of an average diameter of inert organic polymer 
crosslinked particles and added amount thereof . Further , 
the transparency of the film became difficult to be damaged 
because of improvement of scratch resistance. Used fields 
of the film of the present invention are not particularly 
restricted, but the film is particularly useful as a film 
for packaging and for print laminating. 
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